Abstract -In this paper, a Z-source hybrid active power filter is proposed to compensate the harmonics and reactive power in power distribution system. The proposed system is composed of a 7th harmonics-tuned passive filter and an active power filter with a Z-source inverter topology, while voltage source PWM inverter or current source PWM inverter are applied as the power converter topology of conventional active power filters. The Z-source impedance network along with shoot through capability would ensure a constant DC voltage across the DC link. A polymer electrolyte membrane fuel cell is employed as an compensation DC energy source of the proposed system and its equivalent R-L-C circuit is modeled for simulation. As the compensation and control algorithm of the proposed system, the current synchronous detection algorithm is applied. The simulation analysis by PSIM is performed under the three-phase 220V/60Hz voltage source and 25A nonlinear diode loads. The effectiveness of the proposed the system is verified in the steady and transient states.
I. INTRODUCTION Recently, The use of nonlinear loads has lately grown with many advances in power electronics technology, and These nonlinear loads are having an adverse effect on involved systems as well as themselves. Active power filter is used in the effective method for improvement of power quality. Active power filter is power conversion system to improve current quality by compensating the harmonics and reactive power in power distribution system. Active power filter has DC compensation power to compensate the harmonics generated from loads and to generate the compensated current which is 180o phase difference with the reactive current.
Active power filter is classified into voltage source and current source PWM active power filter, and application method is different by load characteristic. In this paper, Hybrid active power filter system is proposed with a Z-source inverter topology as an alternative method for conventional active power filter. PEMFC(polymer electrolyte membrane fuel cell) [13] [14] [15] is used as compensation DC voltage source of active power filter. Current synchronous detection technique is used as compensation algorithm of the proposed Z-source hybrid active power filter(Z-HAF), and dealt with the equivalent circuit of the proposed system and driving principles for each of the modes. The simulation is performed by PSIM and the effectiveness of the proposed the system is verified in the steady and transient states. shows Bode plot of 7-PF. Switching frequency components higher than 2kHz and a fundamental wave component of 60Hz were filtered by 7-PF. The 7-PF provides low impedance for generated 7th harmonics component from nonlinear loads [16, 27, 28] . The capacity of Z-AF is decreased by 7-PF. In this case impedance Z f7 of 7-PF considering r f is equal to the numerical formula (1) , and the resonant frequency f r7 and quality factor Q 7 is represented by the numerical formula (2) and (3). State space model of the proposed system for compensation current is represented by the numerical formula (4) .
Transfer function G v1 of Z-AF is expressed by numerical formula (5) . and compensation current i c of the proposed system is represented by the numerical formula (6). The logicality of this proposed system in this paper is confirmed by PSIM simulation software. PEMFC, which is used for the compensation DC power source of the proposed system, is connected series with three Ballard NEXA (1.2kW).
Switching frequency f sw of proposed system which has Zsource inverter topology is 5.4kHz and 3 phase boost control circuit is used to generate the shoot-through. [13] waveform for PEMFC one stack by simulation, and PEMFC one stack is used to compensation DC power source of the proposed system. As the result of 20times increasing of resistance loads each 0.05s, similar characteristics to real Ballard NEXA(1.2kw) fuel cell is obtained. [16, 27, 28] . Fig. 15 shows the comparison of compensation performance for using only 7th harmonics passive filter and the proposed system. In case 7-PF is only used, the wave of is little improved between 0.2sec and 0.3sec. In case of interlocking of passive filter and active power filter, the wave of is improved between 0.3sec and 0.4sec. In this paper, it is considered that active power filter which adapts Z-source inverter topology, replacing the conventional voltage or current type inverter. The proposed system is consisted of 7th(420Hz)-tuned passive filter L f -C f (which is connected parallel with nonlinear loads working as harmonic generation) and Z-source active power filter. Proton Exchange Membrane Fuel Cell(PEMFC) is used for the compensation DC power source of Z-source inverter, and compensation algorithm of active power filter applied current synchronous detection. The performance of the proposed system is confirmed by PSIM simulation. In this case, fuel cell output voltage V fc of the low voltage is boosted to Z-source network(240V) voltage V c1 , and V i in the case of using only Z-AF is 2.5 times higher than the proposed system.
Moreover, the excellent compensation characteristic for the generated harmonics current from diode nonlinear load to power source is identified by analysis of FFT.
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